Introduction
The complex interaction of human and natural stress and disturbance factors in many forest communities has made the determination of the causal factors of mortality difficult to assign. A wide variety of factors may be involved, including air pollution, acid rain, pests, pathogens, and climate fluctuations such as drought (e.g. Innes 1992 ). Often overlooked is the fact that the response of forests to disturbances and stresses may depend in part on their successional and demographic status. For example, the importance of cohort senescence in creating vulnerability to forest mortality has been documented in Hawaiian Metrosideros polymorpha Mixed conifer forests in southern California, USA have changed markedly in structure and composition in this century (Vankat & Major 1978; Kilgore & Taylor 1979 ). Most recently, starting in the mid-1980s, widespread mortality occurred (Barbour 1988 ). There are multiple stresses in these forests, including a recent severe drought, outbreaks of western pine bark beetle (Dendroctonus spp.) (Savage 1994) , and chronic exposure to air pollution (Miller et al. 1991 ). Higher forest density resulting from suppression of fire by humans in this century has also increased competitive stress (Kilgore & Taylor 1979) . The effects of multiple disturbances and stresses can be damped or enhanced by their interaction. The intensity of beetle attack, for example, is enhanced by drought (Bums & Honkala 1990 ), exposure to photo-oxidants (Stark et al. 1968) , and fire exclusion (Kilgore 1973) .
The objective of this work is to compare stand structures and levels of tree death in the Pinusjeffreyi (Jeffrey pine)/Abies concolor var. concolor (white fir) phase of three mixed conifer forests that differ in pollution exposure and fire history. Two sites are in the San Bernardino Mountains of southern California; the third is in the Sierra San Pedro Martir in Baja California, Mexico. Both southern California sites have experienced fire suppression for ca. 90 yr. One site experiences severe air pollution and the other two relatively little. The Mexican site is in a remote area with little air pollution and no history of fire suppression. As the last landscape-scale mixed conifer forest in North America with an unmanaged fire regime, it offers a unique opportunity to assess the influence of fire suppression (Minnich et al. 1995) . The null hypothesis of the research is that similar levels of mortality have occurred at the three sites. I compare traits of stand structure such as density, basal area and age structure to investigate whether variation in stand structure is associated with varying levels of mortality.
Environment and disturbance in mixed conifer forests
The southern California and Mexican sites are located in the mountain ranges that stretch across the international border from California into Baja Mexico. Both ranges have a mediterranean climate, with droughty summers and rainy winters (Minnich 1985; Reyes et al. 1990 ). Mean annual precipitation in the western San Bemardinos is around 80 cm/yr, and in the Sierra San Pedro Martir around 60 cm/yr (Minnich 1985) . Minnich et al. (1995) document the floristic and ecological similarity of mixed conifer communities in the region, and suggest that disparities in structure have been created by fire management in southern California.
A complex of disturbances of varying frequencies and intensities play a role in these forests, including two natural disturbances, drought and beetle attack, and two anthropogenic stresses, air pollution and fire suppression. Variation in environmental factors can alter the susceptibility of tree species to drought stress. In particular, increased competition due to higher stand density results in enhanced water stress during a drought, making trees more vulnerable to mortality factors (Gerecke 1990 ).
The vulnerability of trees to insect attack is highly dependent on community status and environmental conditions (Schowalter 1985 Prior to fire suppression, the intensity of insect outbreaks in mixed conifer forests was reduced by light fires that burned susceptible and dead trees in which insects bred (Kilgore 1973) . Stand structure in such forests results from the interaction of insect attack with the structural legacy of past disturbances, producing spatial heterogeneity (Schowalter 1985 Live adult trees were cored for age determination at ca. 30 cm above the ground. Cores were sanded smooth and annual rings counted under a microscope to estimate age at coring height (Stokes & Smiley 1968) . Ages of dead trees and trees with rot or where the center was not reached could not be determined directly. Their ages were reconstructed, or estimated, using linear regression equations relating age to DBH. Population structures, for both directly aged and reconstructed ages of trees of the two species, were represented in 20-yr age classes to accommodate error due to variation in growth to 30 cm and regression estimation of age.
Density, cover expressed as basal area, and age structure of the sampled forest were characterized. Age class histograms of the distribution of live and dead adult trees were constructed to illustrate differences in composition, abundance, and mortality by site. Density and basal area of all trees and relative density and basal 
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Stand structure analysis of the P. jeffrey/A. concolor phase of these forests reveals that numbers of dead standing trees were dramatically higher at both of the San Bernardino sites than at the Sierra San Pedro Martir site. The percent of dead standing P. jeffrey and A. concolor was 14.3 % at HV and 14.7 % at BF, in contrast to 4.3 % at LCA (Table 2) . A difference of proportions test indicates that the proportion of dead standing trees at HV was not significantly different from that at BF, but significantly greater at both sites from that at LCA (p < 0.05). There were no marked trends in numbers of dead standing trees by species (Table 2) . Dead trees were found across the range of age classes at all sites (Fig. 4) , suggesting that demographic structure of each species has not been much altered. Among adult trees, more white fir than P. jeffreywere dead at HV, whereas more P. jeffrey than A. concolor were dead at BF and LCA (Table 2) . At HV and BF, the dead trees appeared to have died within the past few years. Small limbs and twigs remained on virtually all dead trees, and dead needles clinging to branches were common. In a study of mixed conifer forest mortality in 1991 in similar forests in the nearby San Jacinto Range, 87 dead standing trees were crossdated (Savage 1994 Jeffrey pines were in general much older than white fir. Mean age of P. jeffrey exceeded that of A. concolor by 33 % at HV, by 63 % at BF, and by 26 % at LCA (Table 3) . A two-tailed t-test for differences of means indicated mean ages of P. jeffrey were not significantly different in any comparison of sites, whereas mean ages of A. concolor were significantly different in every comparison of sites (p < 0.05). Among aged trees, the oldest Jeffrey pines were about twice as old as the oldest white fir. The oldest Jeffrey pines at both HV and BF were near 300 yr, while the oldest white fir at HV was near 150 yr, and at BF, near 100 yr. The oldest aged Jeffrey pine at LCA was 448 yr compared to the oldest aged white fir at 285 yr. However, there were a number (Table 3) . Populations of both species at all three sites are for the most part uneven-aged (Fig. 4) . The population age curve for A. concolor in the San Bernardino Mountains, however, reflects a major recent expansion, with most trees establishing in the last 100 yr. At HV, and to a lesser extent at BF, P. jeffreyi also shows a shift toward younger age classes. In the Sierra San Pedro Martir, both species have trees in many age classes, but many young white fir in the 30-50-yr age class as well as in old age classes (Fig. 4) .
Numbers of seedlings and saplings of both species at the sites appear adequate to maintain current stand structure, with totals for both species varying between 64 at HV to 156 at BF. At both these San Bernardino sites, A. concolor seedlings outnumbered those of P. jeffeyi with 55% at HV and 74% at BP. At LCA, P. jeffieyi seedlings predominated with 72%. Saplings were more abundant at BF (50) than at either HV (26) or LCA (28), although the species were about equally abundant at all sites. The numbers and size of saplings suggest that they contribute to competitive effects in the stands, notably at BF, where adult numbers were lower than at the other sites.
Interpretation of the composition and abundance of seedling populations must be very tentative, as the fate of seedlings is often uncertain and anomalous conditions may temporarily distort the structure of young age classes. It is not clear why white fir seedlings, a more drought-sensitive species, have fared so well during this period. Also, although the stand at LCA displays an adult structure that is compatible with a natural fire regime, the presence of these young trees suggests either very patchy recent fire or no fire within the time frame of seedlings and saplings. Long-term monitoring of these sites will reveal the effects of the drought and patchiness of fire on regeneration.
Size, cover and density Jeffrey pines were in general much larger than white firs at all three sites. Mean DBH of live Pinus jeffreyi exceeded that of live Abies concolor by 54% at HV, by 90 % at BF, and by 27 % at LCA (Table 3) . At LCA, however, trees of both species were significantly larger than in the San Bernardinos; Jeffrey pines were about half again as large, and white fir about twice as large as in the San Bemardinos (Table 3) . A two-tailed differences of mean t-test (p < 0.05) indicates that white fir diameter at LCA was significantly different from values at HV and BF, but not significantly different at HV and BF. P. jeffreyi mean diameter values were not significantly different in any site comparisons (p < 0.05).
Basal area was greater at the San Bernardino sites for live and dead P. jeffreyi and A. concolor combined than at the Sierra San Pedro Martir site. Basal area of live and dead trees combined was similar at the San Bernardino sites at 46 m2/ha (HV) and 43 m2/ha (BF) ( Table 1) , compared with 29 m2/ha total basal area for these species in the San Pedro Martir (LCA) ( Table 1) . Recent reduction in basal area in the San Bernardinos can be attributed to the death of trees in many age classes, including many large old Jeffrey pines and young adult white firs. P. jeffreyii dominated basal area at these sites whether considering both live and dead standing trees or only surviving trees. A. 'co'olor basal area was significantly more reduced relative to that of P. jeffieyi at the San Bernardino sites (Table 1) . BF, with more young trees than HV, had a lower proportion of loss of white fir basal area than HV (Table 1) .
At LCA, on the other hand, dead standing trees accounted for the smallest proportion of basal area relative to the San Bernardino sites. At LCA, basal area of live P. jeffrieyi just equaled that of live A. concolor, and dead standing trees accounted for 14% of total P. jeffreyi and 8 % of total A. concolor basal area (Table 1) .
Dead standing basal area of P. jeifreyi and A. concolor combined accounted for 31 % at HV, 14 % at BF, and 8 % of total basal area at LCA.
Adult tree densities were lowest at LCA (162/ha), nearly double at HV (306/ha), and even higher at BF (395/ha) ( Table 1 ). In general, the higher density of the southern California sites can be accounted for by trees which established in this century (Fig. 4) . At LCA, A. concolor also shows a small regeneration pulse in the 30-50 yr age class (Fig. 4) , possibly reflecting a fire-free period in these years in the sample area at this site.
Did more mortality occur in those cohorts that established after fire suppression, which produced higher overall densities? The percentage of adult P. jeffreyi with ages from10 -90 yr, as a percentage of all P. jeffreyi adults, was 51 % at HV, 44 % at BF and 32 % at At the San Pedro Martir site, where the historical fire regime still prevails, no such successional trends are evident and an uneven-aged population suggests balanced regeneration. One feature of the LCA site that remains unexplained is the large number of old white fir trees, more than expected under a regime of frequent fire. An explanation might be sought in site differences, for example a smaller or more patchy spatial pattern of burning that allows white fir trees to reach a fire resistant size. The presence of old A. concolor in the San Pedro Martir, especially in light of the relative paucity of trees in many adult age classes, is a problem that deserves further attention.
At the two southern California sites, numbers of dead standing trees were similar, even though each has very different air pollution intensities. While exposure to air pollution may reduce tree vigor, this study revealed no more mortality in polluted versus unpolluted forests. This suggests that stresses associated with increased density created by fire suppression may be more important than those related to exposure to air pollution in predisposing trees to mortality.
The conclusions of this study are constrained by the limited data set and by the limitation to one site of each set of stresses. The hypothesis that structural changes in mixed conifer forests are primarily due to fire suppression policies needs testing at multiple sites and/or by long term monitoring of mortality in forests, particularly in those uncommon communities with natural disturbance regimes. In addition, the abundance of dead standing trees have been used here as a static measure of mortality, and therefore is only a rough approximation, as the time of death of trees is unknown. A conclusive comparison of mortality rates can only be made using permanent plots to monitor the dynamics of these forests.
The Muller-Dombois (1986) observed that aging cohorts become increasingly vulnerable to stresses. In the southern California mixed conifer stands, it may be that fire suppression in this century has created a forest with greater susceptibility to drought, beetle attack, and other natural stresses. The enhanced potential for stand destroying fires in increasingly dense forests of the western USA is already a concern for forest managers. If it is the case that fire exclusion also enhances susceptibility to natural disturbances such as drought, there are additional reasons to consider management choices, such as prescribed fire, that create more open stands.
